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Introduction
There is ever expanding evidence suggesting that the escape from immune surveillance is a fundamental hallmark of cancer 1, 2 and that therapeutic interventions with cytotoxic compounds or targeted anticancer agents are successful only when they reestablish an immune control on cancer growth. [3] [4] [5] Transplantable or primary murine cancers respond to chemotherapy with anthracyclins or oxaliplatin much more efficiently when they grow in syngenic immunocompetent mice than in immunodeficient hosts. 6, 7 In line with this finding, clinical studies revealed that severe lymphopenia negatively affects the response of solid tumors to chemotherapy. 8 Moreover, while tumors growing on immunocompetent mice respond to chemotherapy with anthracyclins or oxaliplatin, tumors that grow on hosts lacking T cells, important cytokines [such as interleukin 1β (IL-1β), IL-17A and interferon c] or their receptors continue to proliferate in an unperturbed fashion. 7, 9, 10 Thus, at least in some settings, immune defects are negative predictors of the response to chemotherapy.
Successful chemotherapeutics can induce a type of tumor cell death that is immunogenic, [11] [12] [13] implying that the patient's dying cancer cells function as a therapeutic vaccine, thereby eliciting an antitumor immune response that controls or eliminates the residual (chemotherapy-resistant) disease. 5, 14 We have reported in the past that immunogenic cell death (ICD) is characterized by the preapoptotic exposure of calreticulin (CRT) on the cell surface, [15] [16] [17] the active secretion of ATP during the blebbing phase of apoptosis, 9, 18, 19 and the post-apoptotic release of the chromatin-binding non-histone protein high mobility group B1 (HMGB1). 20 CRT, ATP and HMGB1 interact with CD91, purinergic P2RX7 receptors and Toll-like receptor 4 (TLR4), respectively, on the surface of dendritic cells, thus promoting the engulfment of dying cells or their debris, 21, 22 the production of IL-1β 9, 23 and cross-presentation of tumor antigens to T cells, 7, 24 respectively. Mice lacking P2rx7 or Tlr4 phenocopy mice devoid of T cells (such as athymic nu/nu mice or mice injected with antibodies that deplete CD4 + and CD8 + T cells) in thus far that tumors growing on P2rx7 2/2 or Tlr4 2/2 mice do not respond to chemotherapy with anthracyclins or oxaliplatin in conditions in which the same neoplasms growing on normal, immunocompetent animals do so. 7, 9, 10, 20 Similarly, adjuvant chemotherapy exhibits a reduced efficacy in patients bearing loss-of-function alleles of P2RX7 or TLR4. This has been shown for patients with the single-nucleotide polymorphism (SNP) rs4986790 in TLR4 (1307A→G; Asp299Gly; NM_138554.3:c.896A . G) and rs3751143 in P2RX7 (1513A→C; Glu496Ala; NM_002562.4: c.1487A . C). 7, 9, 10, 20 The Asp299Gly substitution (corresponding to SNP rs4986790) impairs the affinity of TLR4 for lipopolysaccharide (LPS) and reportedly reduces the LPS-driven tumor necrosis factor a (TNFa) production by monocytes in vitro. 25 At a clinical level, SNP rs4986790 has been associated with a reduced frequency of chronic obstructive pulmonary disease, 26 but increased incidence of chronic sarcoidosis. 27 Operable breast cancer patients with one single lymph node invasion (but no distant metastasis) that are homozygous or heterozygous for SNP rs4986790 exhibit accelerated relapse upon anthracyclin-based chemotherapy as compared with patients bearing the wild type genotype. 7 Similarly, in a cohort of patients with colorectal cancer treated with oxaliplatin, homozygous or heterozygous carriers of SNP rs4986790 exhibited a more rapid relapse than age-and sex-matched patients bearing the wild type allele. 10 The Glu496Ala substitution (corresponding to SNP rs3751143) limits the affinity of P2RX7 for ATP and renders patient-derived, Mycobacterium-infected macrophages resistant against ATPinduced cell death. This is most pronounced for macrophages derived from homozygous subjects, 28 although some effect is also seen in the context of heterozygosity. 29 Subjects that carry one or two copies of SNP rs3751143 exhibit an enhanced susceptibility to extrapulmonary tuberculosis 29 and toxoplasmic retinochoroiditis, 30 confirming the functional impact of this polymorphism at the clinical level. Moreover, among breast cancer patients bearing two copies of the wild type TLR4 allele, homozygous or heterozygous carriers of the P2RX7 rs3751143 exhibited a more rapid relapse than age-and sex-matched patients who carried the wild type allele only. 9 Based on these premises, we decided to evaluate the impact of the aforementioned TLR4 and P2RX7 alleles on the survival of patients with non-small cell lung cancer (NSCLC).
Results and Discussion
We took advantage of patient material from the phase III International Adjuvant Lung Cancer Trial (IALT), which compared cisplatin-based chemotherapy to no treatment in patients with resected stage-I-IIIA NSCLC, leading to the conclusion that adjuvant therapy can delay a substantial number of deaths, 31 at least in a subset of patients. 32, 33 DNA from tumor specimens was extracted, yielding sufficient material to analyze the absence or presence (homo-or heterozygosity) of TLR4 rs4986790 and P2RX7 rs3751143 in 705 and 748 patients, respectively ( Table 1 ). Subsequently, we compared patients that were homozygous for the wild type alleles of TLR4 ( Fig. 1 ; Table 2 ) or P2RX7 ( Fig. 2 ; Table 2 ) with those bearing one or two copies of the loss-of-function alleles, and then plotted the Kaplan-Meier survival curves for all patients included in the study (Figs. 1A and 2A), for patients that received chemotherapy (Figs. 1B and 2B) and for patients that did not (Figs. 1C and 2C). We found that neither SNP rs4986790 in TLR4 nor SNP rs3751143 in P2RX7 impact on the overall survival of NSCLC patients included in the IALT study. This held true when the entire patient population was analyzed (Figs. 1A and 2A), as well as upon the stratification of patients based on their allocation to chemotherapy ( (Fig. 3 , Table 2 ). Intriguingly both TLR4 and P2RX7 mutational statuses were found to be significantly associated with age, and that of P2RX7 also with World Health Organization (WHO) performance status and lymphoid infiltration ( Table 1) . Altogether, the data presented here indicate that lossof-function alleles in TLR4 and P2RX7 do not affect overall survival in NSCLC patients, irrespective of the administration and type of chemotherapy.
What may be the reasons for this finding, which clearly differs from our previous observations on anthracyclinbased adjuvant chemotherapy in breast cancer and oxaliplatin-based adjuvant chemotherapy in colorectal cancer? 5, 7, 9, 10 There are at least two possible explanations for this discrepancy. First, the prognosis of NSCLC is intrinsically dismal, 34 and bronchial carcinomas may be subjected to a less vigorous immunosurveillance than tumors located in other organs such as the mammary gland or the colic mucosa. 35 NSCLC may also be particularly efficient in suppressing the function of local innate immune effectors such as natural killer (NK) cells, 36 or in escaping CD8 + T cell-mediated adaptive immunity (for instance due to impaired expression and/or function of FAS). 37 Irrespective of this, which remains a mere matter of speculation, the literature reporting a clinical benefit from the infiltration of NSCLC by effector T cells is relatively scarce as compared with the plethora of reports demonstrating that mammary and colorectal cancers are controlled by a clinically relevant level of immunosurveillance. 5, 38, 39 Of note, it appears that the infiltration of the tumor mass by dendritic cells has a more positive impact on NSCLC prognosis than that by effector T cells. 40 These latter findings, together with recent results from the largest multicentric NSCLC gene profiling study to date, the NIH Director's Challenge Study, 41 support further investigations on the role of the immune system in NSCLC and on its relevance during the response to chemotherapy. Second, the standard treatment for NSCLC is based on cisplatin, a DNA damaging agent that, besides being associated with a high rate of relapse due to the development of chemoresistance, 42 induces non-immunogenic cell death. 10 This means that cells succumbing to cisplatin in vitro fail to elicit specific anticancer immune responses when inoculated in vivo. 43, 44 Accordingly, the response to cisplatin of experimental cancers in vivo is not influenced by the absence or presence of TLR4.
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Of note, cisplatin is usually combined with other chemotherapeutic agents that are also unable to induce ICD, such as etoposide, 15, 45 or with microtubular inhibitors, whose capacity to Figure 1 . Kaplan-Meier estimates of overall survival in non-small cell lung carcinoma (NSCLC) patients bearing one or two copies of the TLR4 rs4986790 SNP (mutated TLR4) or the wild type allele only (wild type TLR4). Overall survival according to TLR4 status in all 705 patients (A), in patients subjected to chemotherapy (B) and in untreated patients (C).
induce ICD has not yet been thoroughly evaluated. Importantly, our findings do not rule out a role for TLR4 and P2XR7 in the pathogenesis and response to therapy of NSCLC, as multiple epigenetic mechanisms, including promoter hypermethylation, alternative splicing and microRNA-mediated gene regulation, might be responsible for the functional inhibition of these two proteins. Future studies investigating the how the innate and cognate immune systems influence the clinical progression of NSCLC will surely provide deeper insights into the results of our retrospective analysis.
Materials and Methods
Patients and study design. One-thousand-eight-hundred-sixtyseven patients were enrolled in the IALT study, upon informed consent. The clinical features of the patient cohort can be found elsewhere. 31 Paraffin-embedded tumor blocks (obtained at the time of surgery) were collected in 14 distinct countries by 28 medical centers that participated into the IALT study with more than ten patients. 32 Approval was obtained by local institutional review boards according to the national regulations. A total of 867 samples were reviewed at the Centre Hospitalier Universitaire Albert Michallon (Grenoble, France) and histopathologically classified according to the system adopted by the World Health Organization (WHO) in 2004. The amount and quality of 822 among the 867 paraffin blocks were judged adequate for experimental procedures. Finally, 776 samples were identified as non-small cell lung cancer (NSCLC), but only 705 and 748 were available for TLR4 and P2RX7 genotyping, respectively.
Genotyping. Genomic DNA was isolated from paraffinembedded tumors by means of the DNeasy Blood and Tissue Kit (Qiagen). Gene-specific Taqman 1 primers and genotypespecific probes (Applied Biosystems) were used to amplify a TLR4 fragment containing the Asp299Gly single nucleotide polymorphism (rs4986790) site and a P2RX7 fragment containing the Glu496Ala polymorphism (rs3751143). Genotypes were determined by comparing the signals from fluorescent probes (FAM and VIC) and by calculating the natural logarithm of the ratio between the FAM and VIC signals [log (FAM/VIC)].
Statistical analysis. All statistical analyses were performed with long-term survival data, 46 by means of the SAS software, version 9.2 (SAS Institute). Conditional logistic regression on an aggregate center variable was used for both univariate and multivariate analyses. Survival rates were estimated using the 
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No potential conflicts of interest were disclosed. Figure 2 . Kaplan-Meier estimates of overall survival in non-small cell lung carcinoma (NSCLC) patients bearing one or two copies of the P2RX7 rs3751143 SNP (mutated P2RX7) or the wild type allele only (wild type P2RX7). Overall survival according to P2RX7 status in all 748 patients (A), in patients subjected to chemotherapy (B) and in untreated patients (C).
